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A]m-INFlJ\MMATOR^ AGENTS 



Technical field 

5 The present invention relates to the use of mitochondrial Katp channel 

openers, such as compounds of general formula (I), for the treatment or prevention of 
inflammation. 

Background of the invention 

Mlammation is caused by the emigration of inflammatory cells such as 
10 neutrophils, T-lymphocytes and eosinophils into the tissues, whore they are activated. 
The inflam m atory cells are likely to Uve longer at the site of inflammation due to 
growth factors and inflammatory mediators produced by the various cells. For 
instance in bronchial asthma a massive eosinophiha is present. Eosinophils contain 
cytotoxic granules in their cytoplasm and eosinophil activation/degranulation Oysis) 
1 5 seems to result in epitheUal cell damage arid airway hyperresponsivdiess. Eosinophil 
survival is prolonged by growth factors such as IL-5 and GM-CSF, which inhibit 
eosinophil apoptosis. Apoptosis is a physiological process of programmed cell death 
distinct 6:om pathological necrosis. In apoptosis the granule contents of eosinophils 
are removed without harmfuU effects characteristic of necrosis (i.e. inflammation and 
20 tissue damage). 

Apoptosis is chararterised by specific biochemical and morphological 
changes including cell shrinkage, which may involve K"*^ efQux, surface blebbing, 
chromatin condensation and endonuclease-catalyzed DNA fi-agmentation. 
Mitochondria are likely to have an important role in regulating apoptotic 
25 mechanisms. The evidence is based on the fact that mitochondria contain various 

proteins that can activate the apoptotic process e.g caspases, cytochrome c, apoptosis 
inducing factor (AEF). Currentiy it is beUeved that a decrease in mitochondrial 
membrane potential followed by cell shrinkage and generation of reactive oxygen 
species precede nuclear alterations detected in apoptotic cells. 

30 Agents which are able to open mitochondrial Katp channels (mitochondrial 

ATP dependent potassium channels) have been shown to induce nodtochondria 
swelling by lowering tiie mitochondrial membrane potential (Szewczyk, A. and 
Marban, E., Trends Pharmacol Sci (1999) 20:157-161). The reduced membrane 



SUBSTITUTE SHEET (RULE 26) 

^ISOCXSID: <WO 0240025A1 I > 



wo 02/40025 



2 



PCT/FIOl/01000 



potential leads to opening of the mitochondrial permeability transition pore leading 
to volume dysregulation, which may finally cause mitochondrial membrane rupture. 

Compounds of general formula (J) 




(0 



where X is C or S, have been described in applicant's European Patent No. 
5 383449 Bl. The compounds sensitize troponin-C in the heart muscle cells to calcium 
and are useful in the treatment of congestive heart failure. 

The compound of formula (I), where X is C, is simendan or [[4-(l,4,5,6- 
tetrahydro-4-methyl-6-oxoO-pyridazinyI)phenyl]hydrazono]propanedini 
optically active enantiomers have been described in applicant's European Patent No. 
1 0 565546 B 1 . It was shown that the cardiotonic effects were predominantly due. to the 
(-)-enantiomer of compound (I), i.e. levosimendan. 

The effect of simendan to reduce infarct size and arrhythmias has been 
disclosed in WO 93/21921. It was also shown that the both enantiomers of simendan 
reduced arrhythmias, and that the (+) enantiomer increased survival. The use of 
15 levosimendan for die treatment of pulmonary hypertension has been disclosed in WO 
99/66912. 

Surnmary of the invention 

It has been found that compounds of formula CD 

(I) 



/ H ^ N-N 



20 where X is C or S, and optically active enantiomers thereof are capable of 

opening mitochondrial Katp channels and inducing apoptosis of inflanMnatory cells. 
Therefore, the compounds are useful in the treatment or prevention of various 
inflanomatory conditions. 
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Accordingly, the present invention provides a new medical use of a 
compound of formula (I) or a pharmaceutically acceptable salt thereof in the 
manufacture of a medicament for use in the treatment or prevention of inflammation. 

The present invention also provides use of a mitochondrial Katp channel 
5 opening agent in the manufacture of a medicament for use in the treatment or 
prevention of inflammation. 

Tho present invention also provides a method for the treatment or prevention 
of inflammation in a patient, which method comprises administering to a patient in 
need thereof a therapeutically effective amount of a compound of formula (I) or a 
1 0 pharmaceutically acceptable salt thereof. 

The present invention also provides a method for the treatment or prevention 
of inflanmiation in a patient, which method comprises administering to a patient m 
need thereof a therapeutically effective amount of a mitochondrial Katp channel 
opening agent. 

15 Rirtfaennore, the present invention provides optically substantially pure (+) 

enantidmer of coriipbund of fdimiila (0 whras X is S, as wifell ^ phaumaceutical 
compositions thereof, such compound and compositions being useful in the 
treatment or prevention of inflanunation. 

The inflammation to be treated or prevented according to the present 
20 invention is in particular inflammation of the airways associated with bronchial 
asthma the treatment being independent of bronchodilatation. Other inflammations 
suitable to be treated or prevented according to the present invention include e.g. 
Ainitis, myocarditis, inflammatory bowel disease, arthritis, rheumatoid arthritis and 
inflammation in muscular tissue. 

25 Compounds of formula (I) are preferred agents for the treatment or prevention 

of inflammation according to the invention. Optically active (+) enantiomers (dextro 
forms) of the compounds of formula (J) are particularly preferred. 

Examples of compounds of formula ® are: 

[[4-(l,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedi- 
30 nitrile (simendan) and 

[[4-(3,6-dihydro-6-methyl-2-oxo-2H-l,3,4-thiadiazin'5-yl)phenyl]hy 
nedinitrile (compound (I) where X is S). 

FIG. la shows the effect of compound A (pM) on constitutive (medium) and 
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Fas-induced human eosinophil apoptosis and on reversal of IL-5-afforded eosinophil 
survival during 40 h in culture. 

FIG. lb shows the effect of compound B (pM) on constitutive (medium) and 
Fas-induced human eosinophil apoptosis and on reversal of IL-5-afforded eosinophil 
6 survival durmg 40 h in culture, 

FIG. 2 shows the effect of levosimendan and dextroshnendan (jiM) on 
membrane potential (AY) of rat liver mitochondria respiring only on endogenous 
substrates m KCl medium. 

FIG. 3a shows the effect of levosimendan on carrageenan (1 mg)-mduced rat 
1 0 paw edema. The vertical bars indicate SEM. * p<0.05, anova and Dunnett's test, 
n = 9-10. 

FIG. 3b shows the effect of dextrosimendan on carrageenan (2 mg)-induced 
rat paw edema. The vertical bars indicate SEM. * p<0.05, ** p<0.01. Student's t-test, 
15 n = 9-10, except 10 mg/kg and control, n = 20. 



Detailed description of the invention 

The term "mitochondrial Katp channel opening agent" means here a 
pharmaceutically acceptable compound, which is capable to open mitochondrial ATP 
20 dependent potassium channel in a mammal, including a human. The mitochondrial 
Katp channel opening activity of a compound can be demonstrated by measuring the 
decrease of the membrane potential of isolated mitochondria. The method is 
illustrated m detail in Example 2. Positive result m the test demonstrates a potential 
usefulness of the compound in the method of the invention. 

25 Mitochondria] Katp channel opening agents suitable for use in the method of 

the invention include, but are not limited to compounds of formula (I). In general, 
any pharmaceutically acceptable mitochondrial Katp channel opening agent, 
including those well known in the art, can be used in the method of the invention. 
Preferably, the mitochondrial Katp channel opening agent is selective to the 

30 mitochondrial Katp channel over other K channels. 

Compounds of formula (T) cm be prepared as described in EP 383449 Bl by 
treating the corresponding amino intermediates with sodium nitrite and malononit- 
rile. Optically active enantiomers of the compounds (1) can be prepared similarly 
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using the optically active amino intermediates as described in EP 565546 Bl. 
Optically substantially pure (+) enantiomers (dextro forms) of the compounds (J) are 
particularly preferred, since they are devoid of significant hemodynamic effects. The 
term "optically substantially pure" means here optical purity over about 90 %, 
5 preferably over 95 % and more preferably over 99 %. Salts of the compound of the 
invention can be prepared by known methods. Pharmaceutically acceptable salts are 
useful as active medicaments, however, preferred are the salts with alkali or alkaline 
earth metals. 

The compound of the invention may be administered in a variety of ways 
1 0 including orally, parenterally, transdermally or by inhalation using conventional 
forms of preparations, such as capsules, tablets, granules, powders, suppositories, 
injections, patches, suspensions and syrups. The term "effective amount" means an 
inflammation inhibiting or preventing amount of compound of the invention. The 
compound of the invention may be administered periodically or daily or several 
1 5 times a day depending upon the patient's needs. The administration may be systemic 
or local. The daily dosage may vary depending on the compound to be adpainistered, 
the age and body weight of the patient, the condition to be treated as well as on the 
administration method. For example, the compounds of formula (J) may be 
administered orally to man in daily dose within the range of from about 0.1 mg to 
20 about 1 00 mg, preferably from about 0.5 to about 50 mg. The compounds of the 
invention may be administered alone or together with other active compounds. 

The compositions for the active ingredients can be prepared by the methods 
commonly employed in the art. In addition to the active compound the compositions 
may contain pharmaceutically acceptable additives commonly used in the art, such as 
25 carriers, binders, excipients, lubricants, suspending agents and diluents. The amount 
of the active compound in the compositions of the invention is sufficient to produce 
the desired therapeutic effect, for example, for a compound of formula (T), about 0.1 
mg to 100 mg, more preferably from about 0.5 to about 50 mg, in unit dosage for 
oral, pulmonary or parenteral administration. 

30 

Example 1 . Apoptosis of eosinophils 

Apoptosis was determined in eosinophils isolated from the peripheral blood 
of apparently healthy volunteers. White blood cells were obtained from whole blood 
by sedimentation with 3% hydroxyethyl starch, layered on FicoU and centrifiiged. 
35 Contaminating red blood cells were lysed by hypotonic treatment. Eosinophils were 
purified from neutrophils using inmlunomagnetic anti-CD16 antibody conjugated 
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beads. The obtained eosinophils were cultured for 22 - 40 h in RPMI 1640 medium 
supplemented with 10% fetal calf serum plus antibiotics. 

Eosinophil apoptosis was determined by propidium iodide staining of DNA 
fragmentation and flow cytometry and confirmed by morphological analysis. 
5 Apoptosis index is expressed as (number of apoptotic cells / number of total cells). 

The effects of compounds A and B were studied: 

A. (+)-[[4-(l ,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]- 
hydrazono]propanedinitrile (dextrosimendan) and 

B. (+)-[[4-(3,6-dihydro-6-methyl-2-oxo-2H-l,3,4-thiadiazin-5- 
1 0 yl)phenyl]hydrazono]propanedinitrile 

The results are shown in Fig. la and lb. It can be seen that both compounds 
dose-dependently enhanced constitutive (medium) and Fas- induced human 
eosinophil apoptosis and reversed IL-5-afforded eosinophil survival during 40 h in 
culture. 



15 



Example 2 . Mitochondrial ATP dependent potassium channel opening 



In respiring mitochondria, the decrease in due to the Katp channel 
opening is compensated by an increased respiration rate. When mitochondria respires 
only on endogenous substrates, and phosphorylation is blocked by oligomycin, the 
20 respiration rate is sufficient to generate a high AY. However, opening of Katp 
channels leads to a decrease in AY, which could not be compensated by increased 
respiration rate. In such a model, opening of Katp channel is unmasked, and can be 
recorded. This model was applied to test if opening could be induced by 
dextrosimendan and levosimendan. 

25 Mitochondria were isolated from rat livers by differential centrifugation in 

medium containing 210 mM mannitol, 70 mM sucrose, 10 mM Hepes,l mM EGTA 
and 5 mg/ml bovine serum albumin, pH 7.4. The mitochondrial protein concentration 
was determined by modified Biuret method. Oxygen consumption of isolated liver 
mitochondria was recorded at 25°C by means of the Clark-type electrode system in 

30 the KCl medium (100 mM KCl, 2 mM KH2PO4, 10 mM HEPES, 1 mM MgCla, pH 
7.4 with TRIZMA base) or choline chloride medium (100 mM choline chloride, 2 
mM NaH2P04, 10 mM HEPES, 1 mM MgCU, pH 7.4 with TRIZMA base). The final 
mitochondrial protein concentration used in experiments was Img protein/ml. For 
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stxidies of respiring mitochondria, 5 mM succinate in the presence of 5 pM rotenone 
was used as substrate. 

Membrane potential (A^ of liver mitochondria was measured with 
ihodamine 123 as a fluorescent probe usmg the excitation at 503 nm and emission at 
5 527 nm at room temperature with the Hitachi F4000 fluorometer. The daference in 
fluorescence between mitochondria with addition of FCCP (0.4 nM) and without it 
was taken as 100%, and decrease in membrane potential by the tested compounds 
was expressed in % of FCCP effect. 

Dextrosimendan and levosimendan (< 2.58 (iM concentriation) decreased the 
1 0 AY of rat liver mitochondria, respiring only on endogenous substrates in KCl 

medium (supplemented with 400 pM ATP and Img oligomycin/mg protein) and did 
not significantly change AY in the choline chloride medium. 

5-hydroxydecanoate (5-HD), the selective blocker of mitochondrial Katp 
channel, abolished the effect of dextrosiinendan and levosimendan (not shown). 
15 These results indicate that the decrease in AY of mitochondria, respiring only on 
endogenous substrates, by dextrosimendan and levosimendan is due to the 
nutochondrial Katp chaimel opening. 

Example 3 . Effects on carrageenan-mduced paw edema in rats. 

20 The acute inflammation was induced to the male Wistar rats by an injection 

of 0.1 ml of 1 or 2 % lambda-carrageenan solution into the subplantar tissue of the 
right hind paw (= 1 or 2 mg/paw). Three hours after the carrageenan injection the rats 
were killed. Both hind paws were cut off just above the heel and weighed. The test 
compounds (levosimendan and dextrosimendan) were administered orally 30 

25 minutes before the induction of inflanmiation using dosing levels: 

Levosimendan 0.1. 1 and 10 mg/kg 
Dextrosimendan 10, 30 and 100 mg/kg 

Control rats were included in each experiment. The difference between the 
weight of the right and the left hind paw was regarded as swelling. 9-10 animals 
30 were included in each group. 

The results are shown in Fig. 3a (levosimendan) and 3b (dextrosimendan). It 
can be seen that both levosimendan and dextrosimendan inhibited the carrageenan- 
induced rat paw edema significantly. 
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Example 4. (+)-[[4-(3,6-dihydro-6-methyl-2-oxo-2H-l,3,4-thiadiaziii-5- 
yl)phenyl]hydrazono]propanedimtrile 

5 a) Resolution of rasemic (±) 5-(4-aminophenyl)-6-methyl-3,6-dihydro- 

[l,3,4]-thiadiazin-2-one with dibenzoyl-L-tartaric acid 

(±) 5-(4-aminophenyl)-6-methyl-3,6-dihydro-[l;3,4]-tMadiazm (20.4 g, 
0.009 mol) was dissolved in acetonitrile (816 nal) upon heating. To this solution 
dibenzoyl"L-tartaric acid (52.0 g, 0.14 mol) was gradually added. The mixture was 

1 0 stirred upon heating until a clear solution was obtained. The solution was then cooled 
slowly to room temperature with stirring. After being further stined for 2 h in room 
temperature the crystalline product was filtered. The enantiomeric purity of the 
precipitate was checked by HPLC and the recrystallization was repeated in same 
conditions until the product had the enantiomeric purity over 99.0 %. The wet salt 

15 was then dissolved in water (150 ml) and potassium carbonate solution (190 g 

K2CO3 in 750 ml of water) was added with stirring. The free base was extracted with 
ethyl acetate, washed with water and evaporated to dryness in vacuo, yielding (+) 5- 
(4-aminophenyl)-6-methyl-3,6-dihydro-[l,3,4]-thiadiazin-2-one as a crystalline solid 
(1.34 g) with optical purity 100.0 %, chromatographic purity 99.5 %, m.p. 216-220'' 

20 C,[a]D^ = +1000°. 

b) Preparation of (+)-[[4-(3,6-dihydro-6-methyl-2-oxo-2H-l,3,4-thiadiazin-5- 
yl)phenyl]hydrazono]propanedinitrile 

(+) 5-(4-aminophenyl)-6-methyl-3,6-dihydro-[l,3,4]-thiadiazin-2-one (1.34 g, 
6 mmol) was dissolved in water (23 ml) and 6 N hydrochloric acid (4,5 ml). The 

25 solution was stirred and cooled. A cooled solution of sodiunmitrite (0.5 g) in water 
(5 ml) was added. Then a cooled solution of malononitrile (0.9 g) in t-butanol (54 
ml) was added. In the end to the solution was added a cooled solution of sodium 
acetate (5.4 g) diluted in water (40 ml). The reaction mixture was stined under 
cooling (0° C) for 3 hours. After stirring the crystalline product was filtered and 

30 washed with water, yielding (+)-[[4-(3,6-dihydro-6-methyl-2"OXo-2H-l,3,4- 

thiadiazin-5-yl)phenyl]hydrazono]propanedinitrile as a crystalline solid (1.7 g ) with 
optical purity of 100 %, chromatografic purity 99.3 %, m.p. 125-128° C, [a]D^ = 
+1002 ^ 
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Claims 

1. Use of a mitochondrial Katp channel opening agent in the manufacture of a 
medicament for the treatment or prevention of inflammation. 

5 2. Use according to claim 1, wherein the treatment or prevention of 

inflanmiation is achieved by inducing s^optosis of inflanmiatory cells. 

3. Use according to claim 1 or 2, wherein the inflammation to be treated or 
prevented is inflammation of the airways associated with bronchial asthma. 

4. Use according to claim 1 or 2, wherein the inflammation to be treated or 
10 prevented is rhinitis, myocarditis, inflammatory bowel disease, arthritis, rheumatoid 

arthritis or inflammation in muscular tissue. 



5. Use of a compound of formula (I) 




(I) 



wherein X is C or S, or a pharmaceutically acceptable salt thereof, in the 
1 5 manufacture of a medicament for the treatment or prevention of inflammation. 

6. Use according to claim 5, wherein the inflammation to be treated or 
prevented is inflammation of the airways associated with bronchial asthma. 

7. Use according to claim 5, wherein the inflammation to be treated or 
prevented is rhinitis, myocarditis, inflammatory bowel disease, arthritis, rheumatoid 

20 arthritis or inflammation in muscular tissue. 

8. Use according to any of claims 5 to 7, wherein the compound of formula 
(I) is substantially pure (+) enantiomer. 

9. Substantially pure (+) enantiomer of [[4-(3,6-dihydro-6-inethyl-2-oxo-2H- 
l,3,4-thiadiazin-5-yl)phenyl]hydrazono]propanedinitrile. 

25 10. Pharmaceutical composition comprising as an active ingredient 

substantially pure (+) enantiomer of [[4-(3,6-dihydro-6-methyl-2-oxo-2H-l,3,4- 
thiadiazin-5-yl)phenyl]hydrazono]propanedinitrile. 
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